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Abstract. Experimental results from the Tromsg and Sura F-region with periods from 20 to 45 min travelled at speeds

heating experiments at high and mid-latitudes are examinedhetween 40 and 150 m/s. During quiet magnetic conditions
It is shown that the combination of HF-induced target andthe waves were traveling in the north-east direction. In dis-

bi-static HF Doppler radio scatter observations is a profitableturbed conditions the waves were moving in the south-west
method for probing medium-scale traveling ionospheric dis-direction with higher speeds as compared with quiet condi-

turbances (TIDs) at high and mid-latitudes. HF ionospherictions. Possible sources for the atmospheric gravity waves at
modification experiments provide a way of producing the middle and high latitudes are discussed.

HF-induced scatter target in a controlled manner at altitwe?(eywords lonosphere (lonosphere: Active experiments:
where the sensitivity to TIDs is highest. Bi-static HF Doppler lonospheric disturbances) — Radio Science (Nonlinear phé—
radio scatter observations were carried out on the London--

Tromsg—St. Petersburg path in the course of a Tromsg hea?_omena)
ing experiment on 16 November 2004 when the pump wave
was reflected from an auroral Es-layer. During Sura heating

experiments on 19 and 20 August 2004, when the HF pumpgl Introduction

wave was reflected from the F2 ionospheric layer, multi-

position bi-static HF Doppler radio scatter observations werelnternal atmospheric gravity waves (AGWSs) in the neutral at-
simultaneously performed at three reception points includ-mosphere manifest themselves in the ionosphere as traveling
ing St. Petersburg, Kharkov, and Rostov-on-Don. Ray tracionospheric disturbances (TIDs). AGWs and TIDs give an
ing and Doppler shift simulations were made for all exper- essential input to the dynamics and energetics of the upper
iments. A computational technique has been developed alatmosphere.

lowing the reconstruction of the TID phase velocities from Many efforts have been invested in studying AGWs and
multi-position bi-static HF Doppler scatters. Parameters of TIDs both experimentally and theoretically (see, for exam-
medium-scale TIDs were found. In all experiments they wereple, Francis, 1975; Yeh and Liu, 1974; Hunsucker, 1982;
observed in the evening and pre-midnight hours. TIDs in theCrowley and McCrea, 1988; Williams and Virdi, 1989;
auroral E-region with periods of about 23 min were traveling Williams, 1996; Williams et al., 1993; Hocke et al., 1996).
southward at speeds of 210 m/s. TIDs in the mid-latitudinal TIDs are usually grouped into two classifications: large-
scale and medium-scale, depending on their wavelengths
Correspondence ta\. F. Blagoveshchenskaya and periods. Large-scale TIDs have horizontal wavelengths
(nataly@aari.nw.ru) greater than 1000 km and periods of about 30 min to 3h.
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Latitude, ON

Longitude, °E

Fig. 1. A map indicating the experimental geometry. Bi-static HF Doppler radio scatter observations of AFAls were carried out on the
London-Tromsg—St. Petersburg paths in the course of the Tromsg heating experiment in November 2004 and on the Serpukhov—Sura-
Kharkov, Serpukhov (Moscow)-Sura—Rostov, and Armavir—Sura—St. Petersburg paths in the course of the Sura heating campaign in August
2004.

Medium-scale TIDs have periods of 15 min to 1 h and wave-disturbances. It is well known that the nonlinear interac-
lengths of several hundred km. The primary distinction be-tion between a powerful HF radio wave and the ionospheric
tween large- and medium-scale TIDs is in their phase velociplasma leads to the excitation of artificial field-aligned irreg-
ties, which are, respectively, greater (400—1000 m/s) and lesslarities (AFAIs). Their spatial scale is of the order of a few
(100-250 m/s) than the thermospheric sound speed (Hurnmeters or tens of meters across and several kilometers along
sucker, 1982). the magnetic field line. AFAIls act as an artificially produced
Experimental studies of traveling ionospheric disturbanced@rget for the diagnostic HF radio waves which are then used
have been conducted using different diagnostic methodd0 trace the gravity waves. We report experimental results re-
and instruments including ionosondes and trans-ionospherifat€d o probing medium-scale traveling ionospheric distur-
sounding (Afraimovich et al., 1996), HF Doppler network pances using HF—mduced scatter targets at mid- and high lat-
(Crowley and McCrea, 1988), incoherent scatter radaré_t“des- Wlth b|—s_tat|c HF Doppler scatter, the AFAIs are be-
(Kirchengast et al., 1995), coherent HF radars like SuperiNd studied at middle (Blagoveshchenskaya and Troshichev,

DARN (Bristow et al., 1994), and global GPS networks 1996; Yampc_JIski e_t al., 1997; Blagoveshchenskaya et al.,
(Afraimovich et al., 2000). 1998a) and high latitudes (Blagoveshchenskaya et al., 1998b,

h . ¢ ies is rel hel | 1999, 2006; Rietveld et al., 2003). The proposed observa-
The main body of TID studies is related to the large-scaleyj, o) technique was used for the first time to identify the
traveling ionospheric disturbances. The medium-scale WaveR adium-scale TIDs. This technique offers several advan-
do_not pr(_)pagate as far as the Iargg-scale waves and monﬂéges over the HF Doppler network where HF signals are
t_ormg th?'r progression would require a m_uch greater Sp,a'propagating from the transmitter to the receiver along a great
tial density of appropriate tephnlques than is currently ava,'l'circle path (direct signals). The sensitivity of HF Doppler
e;]ble. The ort1her probrllem arises f_rom tfhe egf_eCt of WI'”dS N hetwork to a TID depends on the frequency transmitted and
the mesosphere on the propagation of medium-scale Wavgg e 5565 dramatically if this is close to the F-region critical
which have a much lower horizontal velocity than Iarge—scalefrequency_ Moreover, significant errors may be introduced
waves. into the horizontal velocity estimates if Doppler reflection

In the present paper, we propose the combination of HFheights for different diagnostic radio paths are not equal.
ionospheric modification and bi-static HF Doppler radio HF ionospheric modification experiments provide a way of
scatters for identifying and studying traveling ionospheric

Ann. Geophys., 24, 2332345 2006 www.ann-geophys.net/24/2333/2006/
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prOdUCi”_g a HF heater-induced target in a controllgd WaY-Taple 1. Locations and geographical coordinates of transmitting
The spatial features of the target are known. The altitude ot receiving sites.

the target is close to the reflection level of the powerful HF
radio wave. Usually the HF heater frequency is chosen in the

Locations of transmitting | Coordinates Operational Distance to Sura,

vicinity of the maximum plasma frequency where the sensi- o
tivity to the TIDs is highest. In addition, the diagnostic sig- | ™ """ " Let N7 | Long B | frequency, iz km
nals from different locations are scattered from the common | Tresmitier | Moscow 1558 1383 14996 4%
HF heater-induced target, thereby allowing TID parameters Serpukhov 850 | 37.5 11630 550
to be obtained with more accuracy. Armavir 450|395 15455 1320

Our analyses cover a number of days which were part of & [Receiver |5t petersburg (605 305 1030
coordinated Sura heating campaign in August 2004 at mid- Kharkov |46 | 369 o5
dle latitudes and a Tromsg heating campaign in November rostor U P 1080
2004 at high latitudes. In the course of the Tromsg heating

campaign the HF heater-induced target was produced in the
auroral E-region of the ionosphere. Therefore, the medium-

scale TIDs were observed in the sporadic Es-layer. Note that
previous studies have been related to the TIDs in the F-region
of the ionosphere. The behaviour, parameters, and possible
sources of medium-scale TIDs are then discussed.

tance of about 1200 km from Tromsg; the receiving antenna
2 Experimental arrangement was directed toward Tromsg. Note that at the geographical
location of St. Petersburg, the geometry for bi-static scatter

The experiments reported here were carried using the ElS;s satisfied for the Tromsg HF heater, as well as for the Sura
CAT HF heating facility, as well as the Sura heating facil- facility. Consequently, during the Sura heating campaign in
ity. The EISCAT HF heating facility (geographical coordi- August 2004 bi-static scatter observations were carried out
nates 69.6N; 19.2 E, L=6.2), located near Tromsg, Nor- near St. Petersburg with the use of the same HF Doppler
way (Rietveld et al., 1993), was used for the modification of equipment. For the August heating experiments a new an-
the auroral ionosphere. The experiment was conducted on 1fenna system was installed near St. Petersburg that pointed to
November 2004 in the pre-midnight hours. The HF facility the Sura heating facility. The spectral processing was carried
was operated at 4040 kHz, using o-mode polarisation. Theut by using a windowed (Hanning) fast Fourier transform
low gain antenna (phased array 2) was utilized, resulting in(FFT). In the course of the Sura and Tromsg heating exper-
an effective radiated power (ERP) of 190 MW. The HF trans-iments described here the sample rate of 102 Hz allowed a
mission scheme of 2min on, 1 min off was used with the HF spectral analysis bandwidth of 51 Hz. A specified number
antenna beam pointed 8outh of zenith. of 512 FFT coefficients provided a frequency resolution of

Observations from the Sura heating campaign were car9.1 Hz. Each segment used for the FFT was overlapped by
ried out on 19 and 20 August 2004 in the evening and pre-50% which yields the production of a Doppler spectrum ev-
midnight hours. The Sura heating facility (56°18 41.6 E)  ery 5s. The distinctive feature of the Sura heating campaign
is located at Vasilsursk near N. Novgorod, Russia. On 19in August 2004 is that bi-static HF Doppler radio scatter ob-
August 2004 an ordinary mode pump wave was radiated agervations were simultaneously carried out at three receiving
4300kHz in the vertical direction with a 5min on, 5min off sites including St. Petersburg, Kharkov, and Rostov-on-Don.
transmission scheme. On 20 August the Sura facility wasat Kharkov the reception of diagnostic signals scattered from
operated at 4785 kHz radiating o-mode polarisation. An HFAFAIs was made with the east-west (EW) and north-south
transmission scheme of 10 min on, 5 min off was used. ThgNS) beams of the UTR 2 radio telescope phased array. It is
heater antenna beam was tilted by 1@the south of zenith.  one of the largest research antennas in the decametric wave-
The effective radiated power was 150 MW. lengths (frequencies from 10 to 30 MHz). The phased ar-

In the course of all experiments reported here, bi-static HFray has a T-shaped configuration and consists of two sub-
Doppler radio scatter observations were used for diagnosticarrays extended in the north-south (NS) and east-west (EW)
of AFAls. directions. Their lengths are about 2 and 1 km, respectively

The geometry of the Tromsg and Sura heating experimentfBraude et al., 1978). At Kharkov and Rostov-on-Don the
is shown in Fig. 1. On 16 November 2004 observations werespectral analysis bandwidth of 20 Hz was used. A specified
carried out on the London—-Tromsg—St. Petersburg path at anumber of 256 FFT coefficients allowed a frequency resolu-
operational frequency of 12095kHz. The reception of di- tion of about 0.1 Hz. The locations and geographical coordi-
agnostic waves scattered by AFAIs above Tromsg was madrates of the transmitting and receiving sites employed in the
with a Doppler spectral method in St. Petersburg at a dis-course of the Sura heating campaign are given in Table 1.

www.ann-geophys.net/24/2333/2006/ Ann. Geophys., 24, 233852006
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Fig. 2. lonograms obtained during Tromsg HF pumping experiment on 16 November 2004. Blue echoes are O mode and green echoes X

mode(a). Temporal variations doE (blue triangles joined by straight lines) afuiF2 (black crosses) on 16 November 2004 from 19:30 to
21:00 UT are shown ifb).

3 Observational results at auroral latitudes quencies between 3.8 and 4.1 MHz was present. A plot
of foE (blue triangles joined by straight lines) atfioF2
The EISCAT heating experiment was conducted on 16(bIaCk cro_sses) versus time i? shown in Fig._2b. These
N ber 2004 f 19:30 to 21:00 UT und der- vere obtamed by an autqmatlc echo processing program,
ovember rom ° under moder éDSND, written by J. W. Wrightlgttp://www.ngdc.noaa.gov/

ate magnetic activity. Tromsg dynasonde data during th ; :
experiment are presented in Fig. 2. lonograms from thestp/lONO/Dynasonde/tutorlalltutorlal.ht)nIAs can be seen

Tromsg dynasonde (see Fig. 2a) showed that, during thérom F'g's' in g\pstﬂc]:ases arn:‘l(éal f|§ld-aljlghned |_rregularl[t.|es
experiment, an intense sporadic Es-layer with critical fre- WET€ produced in the auroral E-region. There 1S Sometimes

Ann. Geophys., 24, 2332345 2006 www.ann-geophys.net/24/2333/2006/
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November 16, 2004 =12095 kHz
London - Tromso - S.Petersburg

Time, UT

Doppler frequency, Hz

Fig. 3. Dynamic Doppler spectra of HF diagnostic signals on the London-Tromsg—St. Petersburg path on 16 November 2004 from 19:35—
21:00 UT at operational frequengi=12 095 kHz. The HF heater beam was tilted By®the south. The direct signals propagating from the
transmitter to the receiver along a great circle path correspond to zero Doppler shifts. The intervals when the EISCAT Tromsg HF heating
facility was turned on are marked by bars on the time axis.

an F-region visible at about the same frequency as the Esnals appear after the heater is turned on and disappear after it
layer critical frequency. is turned off. They are recorded as additional tracks shifted

Figure 3 displays dynamic Doppler spectra (sonogram) ofbetween about 1.5 and 8 Hz from that of the direct signal
HF diagnostic signals on the London-Tromsg—St. Petersburgropagating from the transmitter to receiver along a great cir-
path obtained on 16 November 2004 from 19:35 to 21:00 UTcle path corresponding to the 0 Hz Doppler frequency. Note
for the radio scatter operational frequency of 12 095 kHz. Asthat striations were excited even when the HF heater fre-
can be seen from Fig. 3, strong field-aligned scattered sigguency was slightly larger than the critical frequenfyE(

www.ann-geophys.net/24/2333/2006/ Ann. Geophys., 24, 2Z3%85-2006
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9 (@ Simulation results of the Doppler frequencies shifts of
el nm scattered signals for the London—Tromsg—St. Petersburg path
- -'\_ ,-"'hu\ intimate that the velocity component in the north-south direc-
i _’ \ 1-'. - A tion is crucial in the Doppler frequency shift values (Borisova
5 '\ I \. I 1 Y et al.,, 2002). The positive Doppler frequency shifts{)
N 5 H ._." \. ,' e LY correspond to the southward motions of AFAIls in the HF
T 4 . J \ . \ heater-induced scattering volume. Therefore, in the course
4] A d ...I S of the experiment on 16 November 2004, the passage of the
. " o traveling ionospheric disturbance was in the southward di-
2 - - .
i rection.
iy It is possible to estimate the velocity of a medium-scale
0 4+ e TID from the expression (Afraimovich, 1982)
19:50 20:00 20:10 20:20 20:30 20:40
Time, UT V = 2whoy/M/2ho/T , (1)
g7 ® ) whereM = T (fymax—famin)A/27 ; T is the period of the
1.0 232min wave, (fsmax— fimin) is the amplitude of wave from HF
0.9 Doppler data,. is the wavelength of the diagnostic trans-
0.8 mitter, andhg is the altitude of AFAISs.
0.7 In our case taking into account the experimental values
0.6 of T=23 min, (f4 max—fa min)=6 Hz,A=25 m, and1g=120 km
05 the velocity of the TID is abouv =210 m/s.
0.4
03 13.1min
0.2 4 Mid-latitude medium-scale TIDs
gj;_— 4.1 Observations
0.0000 00005 00010 0.0015 00020  0.0025

The SURA heating experiment on 19 August 2004 was con-
ducted under quiet magnetic conditioris,1). The day of
) ) ) 20 August 2004 was geomagnetically disturbed vKth=3—
Fig. 4. Median values of Doppler frequency shifts averaged on 4. lonograms from the ionosonde at Sura showed that the

the 1-min time interval for diagnostic signals scattered from AFAIs itical f . f the F2-I ded th f
on the London—-Tromsg—St. Petersburg path on 16 November 2004 1tical requencies ot the F2-layer exceede € pump fre-

from 19:50-20:50 UT(a); the spectral density of the Doppler shift qugncies use_d in the experiments. There also was no blan-
variations for the same eveit). keting sporadic Es-layer. We therefore conclude that the F2-

layer was actually the region where the powerful HF radio

waves were reflected. On 19 August 2004 very strong signals
foF2), because it is the upper-hybrid frequency that is im-scattered from AFAls were observed from 18:31 UT. How-
portant, which is about 200 kHz abof&E, foF2. The scat-  ever, wave-like variations in the Doppler frequency shifts re-
tered signals are characterised by a wide spectral broadeningaled themselves only from 20:00 to 20:30 UT. At 20:30 UT
and wave-like variations in the median Doppler shifts of sig- the Sura heating facility was turned off.
nals scattered from AFAIs on the positive part of the Doppler Figure 5 depicts dynamic Doppler spectra (sonograms)
sonogram. To find their periods we have made a spectrabf HF diagnostic signals on 19 August 2004 from 20:00 to
analysis of the median Doppler frequency shifisof the 20:30 UT. Observations were carried out on the Armavir—
scattered signals through the analysed time interval. The meSura—St. Petersburg path at the operational frequency of
dian values off; averaged a 1-min time interval in the course 15455kHz and on the Serpukhov—Sura—Kharkov path at
of the Tromsg heating experiment on 16 November 2004 aref =11 630 kHz with the east-west (EW) and north-south (NS)
shown in Fig. 4a. During the 1 min heater-off intervals, an beams of the UTR-2 phased array. The direct signals for
interpolation of f; values was employed. As can be seenevery path propagating from the transmitter to the receiver
from Fig. 4a, the maximum peak-to-peak of the wave reachedilong a great circle path correspond to the zero Doppler
6 Hz. Figure 4b presents the calculated power density specshifts.
tra. It was calculated from the auto-correlation function of ~ Similar to the event on 16 November 2004, the medium-
f4 temporal variations using the Wiener-Kinchine theorem scale traveling ionospheric disturbances on 19 August 2004
(Jenkins and Watts, 1968). The main period of the wave wagan be identified from the Doppler sonograms by wave-like
about 23 min, falling within the range of the medium-scale variations in the Doppler frequency shifts of diagnostic sig-
traveling ionospheric disturbances. nals scattered from AFAIs. From Fig. 5 we can see that the

f, Hz

Ann. Geophys., 24, 2332345 2006 www.ann-geophys.net/24/2333/2006/
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August 19, 2004
Armavir-Sura-St.FPetersburg, f=15455 kHz
1 *.ﬁ el " | . fl . .'.'.l ". s fi m‘ »

Fig. 5. Dynamic Doppler spectra of HF diagnostic signals on 19 August 2004, from 20:00 to 20:30 UT. Observations were carried out on the
Armavir-Sura—St. Petersburg patfr15 455 kHz, and on the Serpukhov—Sura—Kharkov p#tH,1 630 kHz with the east-west (EW) and
north-south (NS) beams of the UTR-2 phased array. The direct signals for every path propagating from the transmitter to the receiver along
a great circle path correspond to zero Doppler shifts. The intervals when the Sura HF heating facility was turned on are marked by bars on
the time axis. The ordinary mode pump wave was transmitted at 4300 kHz in the vertical direction.

period of the wave process was about 20 min and its magniburg path, f=15455kHz, Serpukhov—Sura—Kharkov path,
tude did not exceed 2 Hz. f=11630kHz, and Serpukhov(Moscow)-Sura—Rostov path,
On 20 August 2004 the signals scattered from AFAls f=14996kHz and 1160kHz. Again, in this event we also
were detected from 16:01 UT. At 19:26 UT the Sura observed well defined wave signatures in the Doppler fre-
facility was turned off. Dynamic Doppler spectra of quency shifts of scattered signals which can be associated
HF diagnostic signals on 20 August 2004 from 18:20 to With medium-scale traveling ionospheric disturbances. Their
19:30 UT are presented in Fig. 6. Observations weremain period was about 45min and the magnitude from
conducted simultaneously on the Armavir—Sura—St. PetersDoppler measurements reached 4 Hz peak-to-peak. It is

www.ann-geophys.net/24/2333/2006/ Ann. Geophys., 24, 233852006
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August 20, 2004
Armavir-Sura-St.Fetersburg, f=15455 kHz

Serpukhov-Sura-Rostov, f=11630 kHz
Moscow-Sura-Rostov, {=14996 kHz

14996 | (RLX 14996

18:20 18:30 18:40 18:50 19:00 19:10 19:20
Time, UT

Fig. 6. Dynamic Doppler spectra of HF diagnostic signals on 20 August 2004 from 18:20 to 19:30 UT. Observations were carried out on
the Armavir—Sura—St. Petersburg path, f=15 455 kHz, Serpukhov—Sura—Kharkoy p&th630 kHz with EW and NS beams of the UTR-2

phased array, and Serpukhov (Moscow)—Sura—Rostov path] 630 (14 996) kHz. The direct signals for every path propagating from the
transmitter to the receiver along a great circle path correspond to zero Doppler shifts. The intervals when the Sura HF heating facility was
turned on are marked by bars on the time axis. The ordinary mode pump wave was transmitted at 4785 kHz. The HF heater beam was tilted

by 12° to the south.

Ann. Geophys., 24, 2332345 2006 www.ann-geophys.net/24/2333/2006/
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—— Armavir-St.Petersburg, 15455 kHz

1@ — == Serpukhov-Kharkov, 11630 kHz
4.5 - 7 — Serpukhov-Rostov, 11630 kHz L
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Fig. 8. Simulated values of Doppler frequency shifts fd ver-
0.8 sus the direction of the velocity in the HF heater-induced tar-

get for its magnitude of 50ms on the Armavir—Sura—St. Pe-
06 tersburg path atf=15455kHz, Serpukhov—Sura—Kharkov path
| at f=11630kHz, and Serpukhov (Moscow)-Sura—Rostov path at
f=11630 (14 996) kHz).

04
0.2 in f, variations of 61s. It corresponds to the ULF activity in
the range of thé&c3—-4 magnetic pulsations.
0.0
0.00 0.01 0.02 0.03 0.04 0.05 42  Simulation results

f, Hz
. . . . For analysis of multi-position bi-static HF Doppler observa-
Fig. 7. Median values of Dopple.r frequency shifts for signals scat- tions, a simulation of the relationship between Doppler fre-
tered from AFAIs on the Armavir-Sura—St. Petersburg path on 204,00y shifts and the direction of velocities in the scattering
August 2004 during the Sura heater'on period "0”.‘ 18:36:30 10,1 yme was made. Figure 8 shows the behaviour of the simu-
18:41 UT (a); the spectral density of the Doppler shift variations lated £, depending on the velocity direction on the Armavir—
for the same everb). g
) Sura—St. Petersburg patli£15 455 kHz), as well as on the
Serpukhov—Sura—Kharkov and Serpukhov (Moscow)—Sura—
. . . . _ . Rostov paths at 11630 (14 996) kHz. The simulation was
mter_estmg that together v_\nth long-period wave varlatl(_)ns_ in made by using the model described by Borisova et al. (2002)
fa with a period off =45 min, there were the shorter periodic From Fig. 8 we can see that positive and negative values of
processes. . . . . . fa on all radio paths correspond to the south-west and north-
The consideration of experimental data, obtained S'm“"a'east directions of the AFAI motions, respectively
neously at three receiving sites in the course of experiments Viewing line-of-sight Doppler frequency shifts from dif-
on 19 and 20 AU.QUSt .2004’ hf'as shown the close correlatloq;erent angles allows the reconstruction of the vector phase
betweenfy variations n the signals scattered from a com- velocity of the TID in the HF heater-induced volume. The
mﬁc.)n. votlurgeton al dr?fdlo ptaths_. Tr;e prosls,—correlat|otr‘1lco-amp”tude and direction of velocities from multi-position bi-
efnicients between ditierent pairs ot signais were not 1€SSqy e Doppler scatter observations can be found as follows.
than 0.9. The relatively slowf, variations, associated The projection of the velocityax on the vectorAk (Ak
with medium-scale traveling ionospheric disturbances, Were. v o difference between wave vectors of the incidgrand
sometimes modulated by shorter-perigdoscillations. For scatteredks waves Ak= ks—Ko) is determined by the expres-
example, Fig. 7 shows the behaviour of themedian values ion (Gershman e’t al., 1984)
on the Armavir—-Sura—St. Petersburg path on 20 August 2004? v
during the heater-on period from 18:36:30-18:41 UT (a) andy,, — (f, / f) - (¢/25iN0/2)) 2
the spectral density of thesg variations (b). The spectral
procedure was the same as discussed in Sect. 3, but 5-s datdere fp is Doppler frequency shiftf is the operational
were employed. From Fig. 7b one can see the main periodrequencyy is the scattering angle.
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August 19, 2004 different velocity estimates using the three different pairs of
paths. Calculation results are shown in Figs. 10b, ¢, and d.

07 (@ ) .
@ 4 SPE One can see the satisfactory agreement between velocity es-
] e Kharkov timates on the three different pairs of paths. During the ex-
4 a periment on 20 August 2004 the waves were traveling in the
N Aa south-west direction at a speed of about 60-150 m/s.
:E“ B A/.’.\-.
E u
24 /‘" 5 Discussion
s A /“
1 ma . e .
N Aoy m The identification of sources for medium-scale AGWs re-
34 " \ sponsible for traveling ionospheric disturbances is compli-
— — —— cated because there are both tropospheric and ionospheric
UL B UL LA L

sources. Medium-scale AGWs can be induced by a multi-

plicity of sources at different altitudes, ranging from Joule

heating and Lorentz forcing in the auroral electrojets to

o N the progression of the solar terminator, perturbations in the
Tsum jet-streams, thunderstorms, earthquakes, volcanoes, rocket
s launches (Williams, 1996; Bristow et al., 1994; Hocke et

L T T
20:10 20:20

al., 1996; Cheng and Huang, 1992; Jacobson and Carlos,

/ // / // / 1994). Moreover, multiple gravity wave packets from dif-
A S A, ferent sources may exist simultaneously. This adds complex-

—_— . ity to the problem of source identification. As a result, it
20:00 20:10 20:20 is often impossible to determine the source of medium-scale
Time, UT waves unambiguously. At auroral latitudes in the course of

the Tromsg heating experiment on 16 November 2004, the
Fig. 9. Median values of Doppler frequency shifts averaged on theobserved traveling ionospheric disturbance with a period of
1-min interval for the HF diagnostic signals scattered from AFAIs about 23 min was moving at speeds of 210 m/s. These values
on the Armavir-Sura—St. Petersburg and Serpukhov—Sura—Kharkoare typ|ca| for medium-scale TIDs. The waves were travel-
paths in course of the Sura heating experiment on 19 August 200:11,-Ig southward. It should be noted that these medium-scale
(a); simulated vectors of the TID phase velocities for the same event-rlDS were observed in the auroral E-region, because the HF-
(). induced target certainly being produced in the sporadic Es-
layer. This point is interesting in itself, because of the large
The simultaneous measurements of Doppler frequenc;EOdy pf previou.s studies that has been related to TIDs in the
shifts on two diagnostic pathgp1 and fp2, as well as the -region gf the |-onospher§.
values of scattering angles, andés, calculated from spher- Most high-latitude medium-scale AGWs are observed to
ical geometry allows the projections of velocitiggand, ~ Propagate equatorward and are thought to be generated by
to be calculated using Eq. (2). Thereafter, the magnitide dayside auroral sources. Samson at al. (1990) found that the
and the directiodz, of the vector phase velocity of the TID  S0urce of the AGWs detected by the Goose Bay HF radar was
are found as follows Iocate_d near thg dayside convection-reversal boundary in the
E-region of the ionosphere.
V = V/ codarctd (cose — B)/ sina]}, Data from the IMAGE magnetometer network showed that
3) the analysed time interval on 16 November 2004 is charac-
terised by a change from the eastern electrojet to the west-
where B=V1/ Vo, a=|Az1— Az:>| is the angle between the ern one. It corresponds to the nightside convection-reversal
azimuths of theAk; and Akz vectors for the first and second boundary. We suggest that the most plausible source of
paths, respectively. the AGWs, responsible for the medium-scale traveling iono-
Results from the reconstruction of the vector phase velocspheric disturbances in the auroral E-region, is the nightside
ity of the TID for the experiments on 19 and 20 August 2004 convection-reversal boundary.
are displayed in Figs. 9 and 10, correspondingly. From the Mid-latitude medium-scale TIDs in the ionospheric
reconstruction results we can find that, in the mid-latitude F-region were detected from multi-position bi-static HF scat-
F-region in the course of the experiment on 19 August 2004 ter observations in the course of the Sura heating campaign
the waves were traveling in the north-east direction at a speeth August 2004. They were observed in the evening and
of about 40-80m/s. On 20 August 2004 there were thregpre-midnight hours. By combining the observations with the
available signal paths which allowed us to compute the thregesults of simulation the parameters of medium-scale TIDs

Azy = Azq — arctd (cosae — B)/sina],
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August 20, 2004
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Fig. 10. Median values of Doppler frequency shifts averaged on the 1-min interval for the HF diagnostic signals scattered from AFAIs on
the Armavir—Sura—St. Petersburg, Serpukhov—Sura—Kharkov, and Serpukhov (Moscow)—-Sura—Rostov paths in the course of the Sura heatini
experiment on 20 August 20@4); simulated vectors of TID phase velocities for the same event using the pair of paths with reception points

at St. Petersburg and Rost@y); the same as in (b) but for St. Petersburg and Kharkov pair fajhthe same as in (b) and (c) but for
Kharkov and Rostov pair patifd).

have been found. On 19 August, under quiet magnetic conwere simultaneously observed, suggesting that two sources
ditions, the TIDs with periods of 20 min were traveling in of AGWs were involved at the same time.

the northeast direction, at speeds between 40 and 80 m/s.

During the experiment on 20 August, conducted under dis- Taking into account that medium-scale AGWs do not
turbed magnetic conditions, the TIDs were traveling in thePropagate as far as the large-scale waves, one would ex-
southwest direction with higher velocities of 60-150 m/s. Pect that the AGW source, responsible for the mid-latitude

An important point is that two waves with different periods medium-scale TID, was located in the mid-latitude thermo-
sphere, at least during quiet magnetic conditions. Because

www.ann-geophys.net/24/2333/2006/ Ann. Geophys., 24, 2Z3%85-2006
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